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(54) TiUe: CHARGER FOR AN INTERNAL-COMBUSTION ENGINE 
(57) Abstract 



A charger for an internal-combustion 
engine is disclosed. The charger includes 
a compressor (10) for compressing supplied 
air to a high temperature/high pressure state 
and emitting the same; a heat exchanger 
(12) for reducing a temperature of the high 
temperature/high pressure air received from 
the compressor to convert the same into a low 
temperature/high pressure state; and a turbine 
(14) for expanding the air received in a low 
temperature/high pressure state from the heat 
exchanger to perform work externally such 
that the temperature of the air is further 
reduced, after which the air is supplied to 
the internal-combustion engine (17). 
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CHARGER FOR AN INTERNAL -COMBUSTION ENGINE 



Technical Field 

5 m The present invention relates to a charger for an 

internal-combustion engine, and more particularly, to a 
charger for an internal -combustion engine which increases an 
amount of intake air to improve power density and efficiency 
of the internal -combustion engine, 

10 

Background Art 

There are many different types of internal -combust ion 
engines including the gasoline engine, diesel engine, rotary 
engine and jet engine. Among these, the gasoline engine is 

15 most commonly used in automobiles to generate driving force 
for the same. In the gasoline engine, a mixture of air and 
fuel is supplied to one or more cylinders to begin a 
continuously repeated and sequential process of intake, 
compression, explosion and exhaust to generate drive power. 

20 Diesel engines, also commonly used in automobiles, utilize a 
process of air intake, air compression, fuel injection, 
explosion and exhaust . 

The volume of the air and fuel mixture supplied to the 
cylinder must be maintained at a maximum level to optimize 
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engine power. The charger is able to facilitate this function. 

Chargers maximize the amount of air supplied to the 
engine and the amount of fuel mixed with the air such that 
engine power is greatly enhanced. There are two types of 
5 chargers : turbo chargers and super chargers . Turbo chargers 
utilize a turbine which rotates by force created by the 
exhaust of gases to rotate a compressor such that the amount 
of air supplied is increased, while in super chargers, a 
compressor is directly mounted on an output shaft of the 

10 engine to compress air then supply the same to the cylinder. 

Such chargers are effective in improving engine 
efficiency by increasing power density, and in the case of 
diesel engines, are utilized to realize the additional 
advantages of increasing output and reducing exhaust gas 

15 pollutants. However, chargers employed in present-day 
internal -combustion engines experience temperature increases 
as a result of rising levels of pressure caused by the process 
of compressing air. 

Accordingly, a temperature of air exiting the charger 

20 increases such that engine knocking occurs, thereby decreasing 
a compression ratio of the engine. Further, this increase in 
the temperature of air exiting the charger results in an 
excessive amount of fuel being fed to the cylinders, which, 
in turn, causes a delay in ignition timing. Both these 
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drawbacks negatively influence overall engine efficiency, and 
with regard to decreases in the compression ratio, charge 
pressure is reduced resulting in an insufficient generation 
of power (p. 870-871, Internal Combustion Engine Fundamentals, 
5 John B. Heywood) . 

In addition, prior chargers increase a temperature of a 
combustion chamber to a level higher than that required such 
that a considerable amount of nitrous oxide (NO x ) is generated 
by the resulting high- temperature combustion. 

10 To remedy these problems, prior chargers utilize an 

inter-cooler to reduce the temperature of the air compressed 
by the charger. However, because such inter-coolers, of which 
there are water-cooled and air-cooled types, are unable to 
reduce the temperature of the air to a level below 60°C, 

15 improvements made in engine power density and efficiency are 
minimal . 

Prior art related to the present invention include U.S. 
Patent No. 5119795, Intake System with Mechanical Supercharger 
for Internal Combustion Engine; U.S. Patent No. 4993228, 
20 Internal Combustion Engine with Turbosupercharger ; U.S. Patent 
No. 5269143, Diesel Engine Turbo- expander; U.S. Patent No. 
4774812, Turbocharged Engine; and U.S. Patent No. 4674283, 
Turbocharging System for an Internal Combustion Engine. 

Among the above patents, U.S. Patent No. 4993228 relates 
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to a closed cooling system utilizing coolant and including a 
compressor and a turbine to lower intake temperatures of a 
charged diesel engine to reduce nitrous oxide (N0 X ) emissions, 
while the remainder of the above patents relate to control 
5 methods for conventional turbochargers and superchargers. 
However, U.S. Patent No. 4993228 is directed for use in only 
diesel engines, and its structure is such that manufacture of 
the same is complicated and difficult. 

10 Summary of the Invention 

The present invention has been made in an effort to solve 
the above problems . 

It is an object of the present invention to provide a 
charger for an internal -combust ion engine which improves power 
15 density and efficiency of internal-combustion engines, and 
reduces the emission of nitrous oxide and other such 
pollutants . 

To achieve the above object, the present invention 
provides a charger for an internal -combustion engine. The 
20 charger includes a compressor for compressing supplied air to 
a high temperature /high pressure state and emitting the same; 
a heat exchanger for reducing a temperature of the high 
temperature/high pressure air received from the compressor to 
convert the same into a low temperature/high pressure state; 
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and a turbine for expanding the air received in a low 
temperature/high pressure state from the heat exchanger to 
perform work externally such that the temperature of the air 
is further reduced, after which the air is supplied to the 
5 internal -combustion engine. 

According to a feature of the present invention, the 
compressor and the turbine are mechanically connected, and a 
power transmitter is further provided, the power transmitter 
receiving drive power needed to drive the compressor. 

10 In another aspect, a nozzle area of the turbine is 

variable, and the turbine is able to perform a function of a 
throttle valve. 

In yet another aspect, the compressor and the turbine are 
mechanically connected, and an additional compressor is 

15 provided. 

Brief Description of Drawings 

The present invention will become more fully understood 
from the detailed description given hereinbelow and the 
20 accompanying drawings which are given by way of illustration 
only, and thus are not limitative of the present invention, 
and wherein: 

FIG. 1 is a schematic diagram of a charger for an 
internal -combust ion engine according to a first preferred 
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embodiment of the present invention; 

FIG. 2 is a schematic diagram of a charger for an 
internal -combust ion engine according to a second preferred 
embodiment of the present invention; 
5 FIG. 3 is a graph illustrating a relation between charge 

temperature and charge pressure; 

FIG. 4 is a graph illustrating a relation between 
compression ratio and charge pressure; 

FIG. 5 is a graph illustrating a relation between spark 
10 advance and charge pressure; 

FIGS. 6a to 6d illustrate differing states of a variable 
area nozzle used in a turbine of a charger according to the 
present invention; 

FIG. 7 is a schematic diagram of a charger for an 
15 internal -combust ion engine according to a third preferred 
embodiment of the present invention; and 

FIG. 8 is a schematic diagram of a charger for an 
internal -combustion engine according to a fourth preferred 
embodiment of the present invention. 

20 

Best Mode for carrying Out the Invention 

Preferred embodiments of the present invention will now 
be described in detail with reference to the accompanying 
drawings . 
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Referring first to FIG. 1, shown is a schematic diagram 
of a charger for an internal-combustion engine according to 
a first preferred embodiment of the present invention. In this 
drawing and all subsequent drawings illustrating different 
5 inventive embodiments, IN/G indicates intake of air into an 
engine, while EX/G indicates exhaust of air from the same. 

As shown in FIG. 1, the charger according to the first 
embodiment comprises a compressor 10 which compresses air 
received from outside the charger do a high temperature/high 

10 pressure state; a heat exchanger 12 for reducing a temperature 
of the air compressed to a high temperature/high pressure 
state by the compressor 10 such that the air is converted into 
a low temperature/high pressure state; a turbine 14 for 
expanding the air converted into a low temperature/high 

15 pressure state by the heat exchanger 12, thereby further 
lowering the temperature of the air, and supplying the air to 
an engine 17; and a power transmitter 16 for transmitting 
drive power of the engine 17 to the compressor 10. 

The heat exchanger 12 is either an air or water-cooled 

20 type, and the turbine 14, expanding the compressed air to 
lower the temperature of the same, generates drive power by 
this process of expanding the air to drive the compressor 10 
or to be supplied to the engine 17, thereby reducing energy 
loss. 
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The operation of the turbine 14 will be described in more 
detail hereinafter. 

The first law of thermodynamics can be expressed as 
follows : 

5 Q (external heat transmission) = AU (internal energy- 

variations) + W (work performed externally by a gaseous body) 
However, as engine intake air moves at a rate of roughly 
30-40m/sec, external heat transmission is negligible. Thus, 
Q can be said to equal 0, and if it is assumed that air is the 
10 above gaseous body, the equation, AU = C v X AT, results. 

Accordingly, it can be known that AT = -W/Q,, and when 
work is transmitted externally during a process of isolating 
heat, the temperature of gaseous material is reduced. That is, 
if high pressure air passing through a heat exchanger is 
15 supplied to a turbine to be expanded and perform work 
externally, a corresponding amount of internal energy is 
reduced such that the temperature of the gaseous body is 
lowered. 

The operation of the charger according to the first 
20 embodiment and structured as in the above will now be 
described. 

The compressor 10, driven by power received from the 
engine 17 via the power transmitter 16, intakes external air 
to compress then supply the same to the heat exchanger 12 . 
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Here, as the temperature of the air increases from the 
compression of the same, the air is discharged from the 
compressor in a high temperature/high pressure state. The heat 
exchanger 12 lowers the temperature of the air received from 
5 the compressor 10 to convert the air into a low 
temperature/high pressure state, after which the heat 
exchanger 12 supplies the air to the turbine 14. 

The turbine 14 expands the air received in a low 
temperature/high pressure state from the heat exchanger 12 

10 then supplies the air to the engine 17. Here, the high 
pressure air performs work externally while being expanded 
such that the temperature of the air is reduced by as much of 
a degree as the work performed. As a result, the intake 
temperature of the engine is further reduced. 

15 Accordingly, because the amount of air able to be 

supplied to the engine 17 is increased and the temperature of 
the air is at or below a suitable level, the engine is able 
to operate under conditions of a high compression ratio, a 
maximum air fuel ratio and an optimum ignition timing, without 

20 the occurrence of engine knocking. As a result, engine 
efficiency is enhanced and output of the same is increased. 

In the first embodiment, the compressor 10 receives drive 
power from the engine 17 via the power transmitter 16. Here, 
as the compressor 10 receives this drive power (Wj from the 
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engine 17, expansion force (W 2 ) generated as the turbine 14 
expands the compressed air operates such that actual engine 
power loss is W x - W 2 . However, as engine output is improved 
by the increase in intake air, overall output is raised. 
5 Referring now to FIG. 2, shown is a schematic diagram of 

a charger for an internal -combustion engine according to a 
second preferred embodiment of the present invention. As shown 
in the drawing, a compressor 20 is driven by a motor 26, and 
air compressed by the compressor 20 is cooled by a heat 

10 exchanger 22 then supplied to a turbine 24. The turbine 24 
expands the received air to further lower a temperature of the 
same, after which the air is supplied to an engine 27. 

As described in the first embodiment, the inventive 
charger improves the output of the internal-combustion engine. 

15 Specific related data are shown in Chart 1 below. 

[Chart 1] An example of performance for a theoretical 
charger (first embodiment) . 



20 
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Measured item 


Results 


Unit 


Charger intake temp. 


288.15 


°K 


Charger intake press. 


101325 

(1 atmos. press.) 


Pa 


Charger intake density 


1.225 


Kg/m 3 


Comp. output pressure 


303975 

(3 atmos. press.) 


Pa 


Charger output temp. 


420 


°K 


Charger output temp. 


273 


°K 


Charger output press. 


155946 (1.5) 


Pa 




Measured item 


Results 


Unit 


Charger output density 


1.99 


Kg/m 3 


Comp. work consumption 


25 


kW 


Turbine work generation 


9.3 


kW ! 


Charger pure work util. 


15.7 


kW 


Engine output 


217 


kW 


Engine pure output 


201 


kW 



(In the case of a 2000CC, 109Kw engine, compressor 
efficiency is 0.8, turbine efficiency is 0.9 and heat 

20 exchanger efficiency is 0.75.) 

As shown in Chart 1 above, an 84% increase in output, 
(201-109) /109 can be expected at a 0 . 5 atmospheric pressure 
charge (1.5 atmospheric pressure). In particular, intake 
temperature becomes 0°C (273°K) . Using the conventional 

25 charging method (the prior turbocharger method) , in which an 
inter-cooler is utilized, charger pressure is raised roughly 
0.4 atmospheric pressure to realize an increase in output of 
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approximately 40%. 

For additional related information, the Miller Cycle, 
used to improve the conventional charge method, will be 
described hereinafter. 
5 The Miller Cycle is a method in which an intake valve is 

closed during intake to realize partial expansion and control 
the compression ratio during the compression process. 
Basically, the method is used to realize a variable 
compression ratio engine, and as the Miller Cycle aims to 

10 increase cycle efficiency by only reducing the compression 
ratio of the engine, the compression ratio is actually reduced 
as a result of the closing of the intake valve during the 
intake cycle. On the other hand, as the expansion ratio is 
unchanged, output from 'pure work = expansion work 

15 compression work' is increased. However, by the closing of the 
intake valve during the intake cycle, a sufficient amount of 
air is not able to be supplied such that volummetric 
efficiency is reduced. This can be offset by increasing charge 
pressure. 

20 For example, in the case of reducing the compression 

ratio by half to prevent engine knocking, when using ordinary 
fuel, it is not possible to use a level of charge pressure 
higher than absolute pressure 1.8 atmospheric pressure as a 
result of engine knocking limitations. Accordingly, the amount 

25 of intake air is, in fact, reduced such that effects of 
charging are eliminated. As a result, to use the Miller Cycle 
in a gasoline engine, various factors are unavoidable 
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including ignition timing retard and ah increase in the air- 
fuel ratio, and the required use of premium gasoline (Mazda 
vehicles utilizing the Miller Cycle method require that 
premium gasoline be used) . 
5 Therefore, although in principle the Miller Cycle 

attempts to reduce the compression ratio to delay knocking by 
interrupting the intake cycle, this operation is not possible 
in maximal conditions. Further, as volummetric efficiency is 
reduced by this interrupting of the intake cycle, the effects 

10 of charging are reduced (e.g. Mazda's Millennium S realizes 
only a 24% increase in output compared to vehicles having 
similar engine sizes) . 

That is, in the Miller Cycle, if the intake valve is shut 
off before the intake cycle is finished, the expansion ratio 

15 is left unchanged while the compression ratio is reduced to 
prevent knocking during the compression cycle and reduce the 
work consumption during the compression cycle such that output 
is increased. 

As a reference, the occurrence of knocking in a gasoline 
20 engine when turbocharging will be further described with 
reference to Figs. 3, 4 and 5 (derived from Internal 
Combustion Engine Fundamentals , page 871, John B. Heywood, 
McGraw-Hill) . In the drawings, RON indicates an octane number 
of gasoline, <f> indicates an air- fuel ratio, r c indicates a 
25 compression ratio, With CAC is with charge air cooling, 
Without CAC is without charge air cooling, bmep is brake mean 
effective pressure and p t indicates intake pressure. 
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As can be seen in FIG. 3, which is a graph illustrating 
a relation between charge temperature and charge pressure, 
when the compression ratio of an engine is 7, there is a limit 
to charge pressure as a result of the gasoline octane number, 
5 the amount of fuel injected and the temperature of supplied 
air, and the intake temperature must be lowered for the charge 
pressure to be increased. 

Namely, to realize charging, the compression ratio of the 
engine must be lowered to around 7 to lower the maximal 

10 temperature during the compression cycle such that engine 
knocking does not occur. However, the lowering of the 
compression ratio sharply reduces engine efficiency. In an 
ideal engine, engine efficiency is 0.602 when the compression 
ratio is 10, while engine efficiency is 0.54 when the 

15 compression ratio is 7. That is, if an engine is charged while 
the compression ratio is maintained at a high level, an 11% 
increase is realized over conventional charged engines. 

Further, as is shown in the graph of FIG. 3, if the 
gasoline octane number RON is high, charge pressure is 

20 increased, and if the air- fuel ratio is increased higher than 
a maximal air-fuel ratio (from 0 = 1 to # = 1.1), the charge 
pressure is increased (the effects of cooling using fuel) , but 
at a lower air-fuel ratio (<f> - 0.9), knocking occurs at even, 
a low charge pressure. In addition, if the temperature of the 

25 air entering the engine after passing through the charger is 
high, the charge pressure can not be increased. 

Referring now to FIG. 4, shown is a graph illustrating 
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a relation between compression ratio and charge pressure "in 
engines with and without charge air cooling. Here, in the 
engine with CAC, the temperature of the air before entering 
the engine is cooled. As the data shown in the graph of FIG. 
5 4 are the results of a test of what is actually possible, the 
compression ratio is low, the fuel volume is higher than a 
maximal value and the octane number of the fuel is high. 

As shown in FIG. 4, the charge pressure is higher in 
engines utilizing CAC than those without CAC. Further if the 

10 compression ratio reaches a level of roughly 9, charging is 
not possible, regardless of all other factors (i.e. whether 
a CAC is provided, a maximal octane number of fuel is used, 
fuel is additionally injected, etc.). Hence, turbocharged 
gasoline engines do not use a high compression ratio. 

15 Referring now to FIG. 5, illustrating a relation between 

spark advance and charge pressure, when charge pressure is 
high, a small amount of spark advance results such that a 
sufficient amount of time for the transmission of fuel energy 
is not given. Accordingly, work loss occurs. However, if an 

20 inter-cooler is used, efficiency is improved as more time is 
provided. 

Therefore, with the use of the inventive internal- 
combustion engine charger, the compression ratio of the engine 
is raised such that engine efficiency, higher than that of 
25 conventional engines, is realized (a high compression ratio 
is not able to be used in conventional engines because of 
limitations resulting from knocking, and the efficiency of 
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gasoline engines is less than that of diesel engines as a 
result of a low compression ratio) . 

Further, the level of energy consumption is low during 
the compression process if the temperature of the intake air 
5 is low such that an improvement in output is realized, and as 
an excessive amount of pressure develops at the end of the 
compression cycle if charge pressure is high, mechanical 
limitations are encountered. However, in the present 
invention, as part of the charge pressure is changed by a 
10 reduction in temperature, the density of air is sufficiently 
raised at even low charge pressures, thereby realizing 
increased output. 

In the above, although the first and second embodiments 
are described with an assumption that a typical butterfly 
15 valve-type throttle valve for controlling the mixture and the 
amount of air supplied to the engine is used, a variable area 
nozzle is also able to be used in the inventive turbine for 
performing throttle valve functions. 

In more detail, as the throttle valve generates pressure 
20 loss in air passing therethrough to control the amount of 
intake air, it is also possible to substitute this function 
by varying a nozzle area of the turbine. 

Referring to FIG. 6, shown are differing states of a 
variable area nozzle used in a turbine of the inventive 
25 charger. If such a turbine having a variable area nozzle is 
used, during partial throttle (as opposed to full throttle), 
a size of the turbine variable nozzle is reduced to accelerate 
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the air, and the air absorbs energy on rotating blades of the 
turbine. Accordingly, pressure energy is restored to axial 
energy to reduce pressure and the amount of flow, and, 
simultaneously, the temperature of the air is lowered. 
5 As a result, pressure loss in the conventional throttle 

valve, operating to generate loss during partial throttle (a 
cause of inefficiency in gasoline engines) , is utilized as 
useful energy to reduce intake temperature. That is, as the 
lowering of temperature prevents the occurrence of knocking 

10 even if the compression ratio of the engine is increased, the 
application of a high compression ratio is possible, and the 
temperature of the combustion process is lowered such that 
loss caused by the transmission of heat is reduced and engine 
efficiency is increased. 

15 This is shown in Chart 2 below. 



[Chart 2] Pressures and temperatures at each point during 
partial throttle when using a variable nozzle in the first 
embodiment appearing in FIG. 1. 





Intake 


Post 

compressor 


Post heat 
exchanger 


Post 
turbine 


Pressure 
(Pa) 


101325. 00 


203591.24 


193411.67 


50662.50 
(0 . 5atmos . 
press . ) 


Temp. 
<°C) 


26.5 


114.8 


53.0 


-35.3 



25 As shown in Chart 2, even when charge pressure is low 

during partial throttle, when the throttle valve is removed 
and the area of the turbine variable nozzle reduced to lower 
the outlet pressure to 0.5 atmospheric pressure, the 
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temperature of the air supplied to the engine is roughly - 
35°C. 

This is indicative of the ability to substitute the 
throttle valve with a turbine utilizing a variable area 
5 nozzle, and that this is, in fact, more effective. 

Referring now to FIG. 7, shown is a schematic diagram of 
a charger for an internal -combustion engine according to a 
third preferred embodiment of the present invention. In the 
third embodiment, a variable area nozzle is used. 

10 In the charger according to the third embodiment, air 

supplied to an engine 77 is compressed by a first compressor 
70, the first compressor 70 receiving drive power for rotation 
from a first turbine 75 which uses exhaust gases of the engine 
77 to generate power. The air compressed by the first 

15 compressor 70 is supplied to a first heat exchanger 72 which 
reduces a temperature of the received air, after which the air 
is supplied to a second compressor 71. 

Next, the air is again compressed by the second 
compressor 71 then supplied to a second heat exchanger 73. The 

20 second heat exchanger 73 again reduces the temperature of the 
air then supplies the same to a second turbine 74. Here, the 
air is accelerated by a variable area nozzle provided in the 
second turbine 74 , and performs work on a rotor of the turbine 
74 such that the temperature of the air is again reduced, 

25 after which the air is supplied to the engine 77. 

The variable area nozzle performs the function of a 
throttle valve {i.e., controlling the volume of air), and 
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increases the efficiency of the turbine such that pressure 
loss during partial throttle is converted to a reduction in 
temperature, thereby increasing engine efficiency. 

Further, drive power generated in the second turbine 74, 
5 which receives compressed air and expands the same, is used 
to rotate the second compressor 71. 

Using the charger of the third embodiment, as the driving 
of the compressor and turbine is more easily matched, the 
charger is able to operate more efficiently, a size of the 
10 compressor can be minimized, and lengths of connectors between 
the structural elements can be reduced. Chart 3 below 
illustrates various data related to engine efficiency with the 
use of the third embodiment . 

15 [Chart 3] Comparison data of engine efficiency 





3rd 

Embodiment 


Turbo - 
charger 


Natural 
intake 


Full 

Throttle 


*EHE 


0.45 


0.40 


0.42 


*VE 


0.38 


0.34 


0.29 


Partial 
Throttle 


*EHE 


0.38 


0.34 


0.35 


*VE 


0.27 


0.22 


0.245 



* EHE: Engine heat efficiency 

* VE: Vehicle efficiency 

25 
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As shown in FIG, 8, illustrating a schematic diagram of 
a charger for an internal -combustion engine according to a 
fourth preferred embodiment of the present invention, a first 
compressor is driven by axial power of an engine. Although 
5 efficiency is reduced with such a configuration as exhaust 
gases are not utilized, responsiveness is greatly improved. 

The charger for an internal -combust ion engine structured 
and operating as in the above has many advantages. Namely, as 
the engine operates without knocking in a state where a high 

10 compression ratio, a maximal ignition timing and a maximal 
air-fuel ratio are maintained, a 20% improvement in engine 
efficiency and a 100% improvement in output are simultaneously 
realized; it is possible to apply the inventive charger to 
conventional gasoline engines; the inventive charger is 

15 substantially lighter in weight compared to conventional 
chargers; the inventive charger increases the efficiency of 
the internal -combustion engine as it enables a high output-to- 
weight ratio; the inventive charger reduces the internal 
temperature of the engine such that the life span of the same 

20 is increased; and the inventive charger reduces the 
temperature of combustion to minimize the generation of 
nitrous oxide. 

Accordingly, although the manufacturing cost of vehicles 
using the charger technology of the present invention is 
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somewhat raised, it is considerably less costly to improve 
engine performance using the inventive charger than to simply 
increase engine displacement. Further, substantial value-added 
benefits are realized in the vehicle using the present 
5 invention. 

While this invention has been described in connection 
with what is presently considered to be the most practical 
preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments, but, 
10 on the contrary, is intended to cover various modifications 
and equivalent arrangements included within the spirit and 
scope of the appended claims . 
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WHAT IS CLAIMED IS: 

1. A charger for an internal-combustion engine 
comprising: 

a compressor for compressing supplied air to a high 
5 temperature/high pressure state and emitting the same; 

a heat exchanger for reducing a temperature of the high 
temperature/high pressure air received from the compressor to 
convert the same into a low temperature/high pressure state; 
and 

10 a turbine for expanding the air received in a low 

temperature/high pressure state from the heat exchanger to 
perform work externally such that the temperature of the air 
is further reduced, after which the air is supplied to the 
internal -combustion engine. 

15 2. The charger according to claim 1, wherein the 

compressor and the turbine are mechanically connected, and a 
power transmitter is further provided, the power transmitter 
receiving drive power needed to drive the compressor, 

3.. The charger according to claim 1, wherein a nozzle 

20 area of the turbine is variable, and the turbine is able to 
perform a function of a throttle valve. 

4. The charger according to claim 1, wherein the 
compressor and the turbine are mechanically connected, and an 
additional compressor is provided. 
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